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Chapter 1: Introduction 
 
1.1 Background 
 
Sedimentation, which is the process of gravity separation of suspended solids from aqueous 
solutions, is the oldest and most widely used method in the water treatment process by separating the 
suspension into clean and more concentrated suspensions. The sedimentation process is to remove 
most of the sedimentable material by gravity settling. So that the efficiency of the subsequent process 
such as filtration can be maximized through the sedimentation. Under the influence of gravity, 
particles having a density higher than that of a fluid are sediment, and particles having a density lower 
than that of a fluid are floated. 
 
< Fig. 1-1 > Sedimentation and flotation (Huisma, 2001) 
 
Almost all of the particulate matter in the raw water is heavier than water and sinks to the 
ground by gravity. The most common process for treating suspended particles in water using 
sedimentation characteristic is the precipitation process. Therefore the sedimentation design should be 
designed to maximize efficiency of sedimentation because sedimentation process has a great influence 
on the efficiency of the whole purification process 
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The design of sedimentation tank has been based on the conceptual basis by Hazen (1904) 
and Camp (1936). The concept of Hazen and Camp is simplifying flows in sedimentation tanks. A 
better hydraulic design makes for better understanding of the detailed flow processes in sedimentation 
tank. For this purpose a number of numerical models and turbulence models have been developed 
(Larsen 1977; Imam 1983; Celik and Rodi 1986; De Vantier and Larock 1987; Stamou 1889: Zhou 
and McCorquodale 1992; Zhou et al. 1994). However, such models are not complete to be able to 
compare with experimental results in detail. 
Experimental design was performed to evaluate the experimental details and verify the 
numerical model for calibration of the imperfect model. Larsen (1977) carried out experiments in both 
field and laboratory tanks under pure water conditions with an ultrasonic current meter and a Laser–
Doppler–Anemometer (LDA). Imam et al. (1983) introduced particles to the inflow to observe the 
settling process and carried out one component LDA measurements in the flow. Lyn and Rodi (1990) 
measured velocities and turbulence intensities the effect of a deflector. Krebs (1991a, 1991b) and van 
Marle and Kranenburg (1994) used turbid water produced by adding clay powder. Krebs determined 
velocity ad concentration in a rectangular model tank and chararerized the bottom current. Van Marle 
and Kranenburg described the three-layered flow field of turbid water. By using glass spheres as 
settling suspension, Krebs et al. (1998) discussed the density effects on velocity and concentration 
profiles and removal efficiency. The objective of the experiments presented in this paper is to 
investigate the effects of both two effluent system and the insertion of baffle on tank efficiency. 
 
 
1.2 Research Problem 
 
 For designing the most efficient sedimentation tank, design with experiment is needed for 
every projects. However, there are lots of cost and time using experimental designed pilot test 
machine. Also, the experimental designed pilot test machine cannot reflect actual conditions such as 
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external variables. For this reason, when designing sedimentation tank in South Korea, engineers set 
effective depth and length-width ratio considering the site condition, construction cost and 
waterworks facility standard. (2010, ministry of environment) 
Due to problems of construction cost and difficulty of construction, the effective depth of 
sedimentation tank is generally set to a value between 4m and 5m. Also for optimal efficiency of 
sedimentation tank, the length-width ratio is set to any value within a certain range between 3 and 8. 
Sedimentation tank designer typically design center value between two boundary values. However 
only according to the design method of the ministry of environment’s waterworks facility standard, it 
is impossible to arbitrarily define a design parameter value indicating an optimum efficiency. 
 
 
1.3 Research objective 
 
This paper will cover the correlation between sedimentation tank design parameter and 
sedimentation efficiency. Explain the basic principle of sedimentation and find main parameters 
which affect to efficiency of sedimentation tank. It will focused on finding the most efficient length-
width ratio among K-water’s purification plant sedimentation tanks.  
K-water has forty eight water purification plants all over the country that operate rectangular 
sedimentation tanks. Therefore we can extract sedimentation efficiency data from currently operating 
sedimentation tank, and can check length-width ratio, sedimentation efficiency. In this case study, I 
selected six sedimentation tanks which are located in Chung-cheong province. Then, I will compare 
the width ratio of each sedimentation tank and the actual sedimentation efficiency to find out the best 
effective length-width ratio. 
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1.4 Research Structure 
 
The structure of this study consists of seven chapters. Chapter 1 describes the background of 
the study, the problems of the current situation, and the purpose of the study. Chapter 2 provides 
information on previous research literature related to the study. Chapter 3 provides information on the 
choosing case study target and study method. Chapter 4 provides result and analysis of data. Chapter 
5 describes conclusion of case study. 
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Chapter 2: Sedimentation principle and Tank design standard (document analysis) 
 
2.1 Principle of Sedimentation 
 
2.1.1 Settling of Single Particle 
 
Discrete settling occurs when during the whole process the suspended particle does not 
change its size, shape or weight.  
All particles on Earth are accelerated by gravity when settling. However, in the actual 
calculation, the acceleration occurs within a very short time, and the subsequent settling velocity 
becomes uniform. For example, particles with a diameter of 0.05 mm will accelerate for an initial 
0.003 seconds and then maintain a uniform settling rate. Therefore, it is generally assumed that the 
sedimentation rate of particles during sedimentation is constant without acceleration. 
 
2.1.2 Sedimentation process and efficiency in Sedimentation Tank 
 
 
< Fig. 2-1 > Settling of a single particle in quiescent water (Huisma, 2001) 
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The sedimentation in the sedimentation tank sets the particles in the raw water to the bottom 
of the sedimentation tank and is removed to the sludge during the time it takes for the raw water 
flowing into the sedimentation tank to flow out to the opposite side. Therefore the sedimentation tank 
should be designed so that sudden change of flow velocity or short-circuit flow does not occur inside 
the sedimentation tank, and that the sedimented sludge does not rise again.  
 
Let V be the settling velocity of the particles in the sedimentation tank, and u be the flow 
velocity in the horizontal direction. Let V0 be the settling velocity of the particles when the time taken 
for the particles fall to the bottom in the sedimentation tank and the time taken for the influent raw 
water to flow out at the horizontal velocity u are equal. If the settling of the particles is faster, the 
removal is done but over designed. If the settling of the particles is slower, the complete removal of 
the particles fails and affects the subsequent water treatment process efficiency. Therefore, the case of 
V = V0 is the most efficient and ideal for design. 
 
            .  so,    
 
The efficiency of the sedimentation tank is independent of the sedimentation depth and 
residence time, only the relationship between the flow rate and the area of the sedimentation tank. 
 
< Fig. 2-2 > Paths traced by discrete particles in a rectangular horizontal flow sedimentation tank 
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Therefore, the efficiency of the sedimentation tank is a function of the area of the sedimentation tank 
(surface loading rate). The depth of the sedimentation tank should also be determined taking into 
account the time the particles are completely settled to the bottom of the sedimentation tank. 
Therefore, in order to improve the removal rate of the sedimentation tank, ① Increase the 
settling area A of the sedimentation tank, ② Increase sedimentation velocity V of particles, ③ 
Reduce the flow rate Q. These three things can be considered. In this case study, I will focus on ① as 
finding length and width ratio, because other things are difficult to control. We cannot change what 
particles raw water includes and it is impossible to change inflow Q which is an external factor.  
 
2.2 Design standards - waterworks facility standard (2010, ministry of environment) 
 
The sedimentation tank is basically determined based on sedimentation rate through 
sedimentation test of floc. If there is no experimental value, the sedimentation tank is designed by 
arbitrarily setting the value within the range of past design result or facility standard. However, if 
there is no experimental value, design should be made within the range of past design results or 
waterworks facility standard values. 
Generally, according to the waterworks facility standards, several considerations should be 
taken into consideration when designing rectangle type sedimentation tank. The number of 
sedimentation tank shall be two or more, and the inflow of raw water must be uniform. In addition, it 
shall be constructed so that it can be used independently for each shall for cleaning and repairing. The 
shape of the sedimentation tank shall be rectangular and the length shall be 3 to 8 times the width. 
Effective water depth should be 3 ~ 5.5m and sludge depth of 30cm should be considered, but 
reasonable adjustment is possible if necessary due to the structure of sludge removal equipment and 
sedimentation basin. The clearance from the high water to the top of the settler wall is set at 30cm and 
is inclined toward the drain for convenient sludge exclusion. 
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The retention time is generally designed to be 3 to 5 hours, and the average flow rate and 
surface load rate should be maintained at a constant value. For the formation of laminar flow 
condition and the prevention of short-circuit current, and Froude No. should also meet the appropriate 
values. 
The flow in the sedimentation bed mostly forms turbulence. Generally, when the Re No. is 
less than 2,000, it is laminar flow. However, it is almost impossible to satisfy the laminar flow 
condition in the sedimentation tank design. Therefore, the Re No. is set at a reference value between 
10,000 and 20,000, and a smaller value is more advantageous. Fr No. sets the criterion that the flow of 
the clarifier should be designed so as to be larger than 10-5 in order to prevent unstable short-circuit 
current. Therefore, if the Fr No. value is less than 10-5, sedimentation efficiency may decrease due to 
short-circuit flow. So, to increase the flow rate, it is necessary to reduce the sedimentation index or 
reduce the depth of water. 
 
< Fig. 2-3 > Sedimentation tank design criteria (The ministry of Environment, 2010) 
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As mentioned above, since it is impossible to meet such site securing condition and it is 
difficult to solve the hydraulic analysis. Therefore it is necessary to establish the criteria for depth of 
water, Length/width ratio, surface loading value, Reynold No. and Froude No. 
Among the design parameters of the sedimentation tank, the Froude number and Reynolds 
number, which are related to the stable water flow, are difficult to change. In addition, the depth of 
water that can affect construction work and construction cost is a parameter that cannot be easily 
changed when designing. To find the most effective value of the length-width ratio given in the water 
facility standards, this case study attempts to compare the efficiency of each sedimentation tank in 
operation. 
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Chapter 3: Case Study 
 
3.1 Select target area and purification plant 
 
For case study, some of the 48 water treatment plants operated by K-water were selected and 
data were acquired and analyzed. Chungcheong province is selected, the area where the Cheonan 
water purification plant is located, where additional water treatment plant is under construction, so 
that the results of the case study can be applied to the design. Among the water purification plants in 
the Chungcheong province, six water purification plants operating a raw water settling tank were 
selected. 
 
 
< Fig. 3-1 > Select target area and purification plants (extract from K-water system) 
(Cheongju, Cheonan, Asan, Boryeong, Buyeo-suksung, Chungju water purification plant) 
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3.2 Data collection 
 
First, we collect the design data (construction data) of the actual sedimentation tank of K-
water to find the optimal model of the sedimentation tank. Collect required design data such as flow 
rate, number of tanks, width, length, depth. 
 
Then, accumulate sedimentation tank inlet and turbidity data for a given day to calculate 
sediment removal rates. Turbidity check interval is 15min, duration is 24hours. I took September 5, 
2018 as measurement and record data. As we can see <Fig. 3-3>, there was no rainfall on September 5, 
and temperatures in six areas were in similar outer boundary conditions.  
 
 
 
< Fig. 3-2 > Designed parameter of sedimentation tanks 
 
< Fig. 3-3 > Boundary conditions of sedimentation tanks at September 5, 2018 
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3.3 Data analysis 
 
A total of 97 inlet outlet measurements were carried out from September 5 to 23:45 for six 
water purification plant sedimentation sites, and the sedimentation efficiency was calculated as 
follows (Table 1). 
 
 
Assuming that the particle removal rates of each of the six water purification plants are based 
on normal distribution, the t-test is conducted to determine whether the particle removal rate of the 
water purification plant with the highest removal rate is significantly different from the other water 
purification plants. The boryeong water purification plant is selected as comparison because the 
average sedimentation efficiency rate of boryeong water purification is the highest among the six 
water purification plants. Tests were carried out five times with other water purification plants on the 
basis of boryeong water purification plant. If the difference in sedimentation efficiency with other 
water purification has significant difference, the lenght-width ratio of the sedimentation tank in 
boryeon is more efficient than that of other sedimentation tanks.  
In this paper, we will also conduct a regression analysis between the length – width ratio of 
sedimentation tank and the sedimentation efficiency to see how much the two values have correlation 
significantly.  
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Chapter 4: Result and Analysis 
 
4.1 T – test analysis 
 
The analysis result of six water purification plants data follows <Fig 4-1>. Assuming the 
normal distribution of the particle removal rate data of six water purification plants, the result < Fig4-
1> can be calculated and the particle removal rate of sedimentation tank in Boryeong water 
purification plant is the highest. The t-test was used to analyze whether the particle removal rate of 
Boryeong water purification plant was significantly different from the other five water purification 
plant removal rates. 
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<Fig 4-1> Assume particle removal rate follows normal distribution 
 
In order to compare the particle removal rates of Boryeong and other water purification 
plants, the following hypothesis was established and t-test was conducted. 
 
 
H0 
: 
 
The particle removal rate of Boryeong water purification plant sedimentation tank is 
equal than that of each other purification plant. 
H1 
: 
The particle removal rate of Boryeong water purification plant sedimentation tank is 
not equal compare to that of each other purification plant. 
 
The null hypothesis and the alternative hypothesis are set as above. To verify this, T-test was 
performed with Boryeong water purification plant sedimentation tank and each other purification 
plant sedimentation tanks. As a result of the t-test for sediment removal rate, the null hypothesis can 
be rejected because the unilateral test comparison values are significantly smaller than the 
significance probability 0.05 (Fig.4-2). The experimental results show that the sedimentation 
efficiency of Boryeong water purification plant is the best and this value is significant.  
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<Fig 4-2> T-test between boryeong sedimentation tank and other sedimentation tanks 
 
Therefore, we can think that the length-width ration of the boryeong sedimentation tank is 
the most efficient. Therefore, in this case study, the particle removal rate of Boryeong water 
purification plant is the best, and the ratio of the aspect ratio is 5.  
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4.2 Regression analysis 
 
I conducted a regression analysis to see if there is a correlation between length-width ratio 
and sedimentation efficiency. Based on the results, I tried to find some trend of correlation between 
sedimentation efficiency and length-width ration of sedimentation tank. The regression analysis was 
performed to determine the correlation between the two values. 
 
<Fig 4-3> Regression analysis : correlation between removal rate and length-width ratio 
 
Regression analysis showed that the correlation was 0.54, indicating that the relationship was 
not so high. The F value is also 1.72 and the significance probability is 0.259, indicating that the 
regression line is not suitable for the model.  
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Chapter 5: Key findings from Case study (conclusion) 
 
In this case study, the water purification plant showing the best sediment removal efficiency 
was Boryeong water treatment plant with a ratio of 5:1. It is difficult to handle the boundary condition 
at the same condition as 100%, but since it showed a significantly better efficiency than the 
sedimentation bases with different ratios, I think it was meaningful to carry out the measurement. 
However, when analyzing the correlation between the length-width ratio and the 
sedimentation efficiency through regression analysis, we can conclude that there is no significant 
correlation between the two values. It was thought that the influence of other parameters that were not 
controlled could be greater than the correlation between the two. 
Sedimentation efficiency is related to settling velocity and horizontal velocity of rawwater. 
Therefore, the flow rate and cross-sectional area, which determine horizontal velocities, are the main 
determinants, as confirmed in the literature review. Since we performed a simple comparison of the 
cross-sectional area except for the Q value, the regression analysis was not significant at this case 
study. 
The correlation between the length-width ratio and the sedimentation efficiency was not 
significant because of other parameters except the length-width ratio. Except the length-width ratio, 
there are many factors such as water inflow quantity, surface loading, efficient depth, and the type of 
sediment in raw water. In this case study, it seems that other parameters were not controlled or not 
considered, so it was difficult to find the correlation between length-width ratio and sedimentation 
efficiency. In future studies, multivariate regression analysis can be used to examine the correlation 
more precisely by considering several parameters at the same time. 
The civil engineer must construct the water purification plant by using the limited land as 
efficiently as possible. Of course, we have to worry about many things such as construction cost, 
maintenance efficiency. The sedimentation efficiency of sedimentation tanks, which can affect overall 
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water efficiency, is an important factor in the overall purification plant design. So far, we have 
proposed a proper ratio of the length-width ratio considering the construction cost and the 
sedimentation efficiency in the waterworks facility standards through many installation and operation 
cases. 
In the fourth industrial revolution after the Third Industrial Revolution, there are many ways 
to develop the computing system and to apply the experiment through the system. If a method to 
utilize past values through big data as a factor of design is devised, more detailed design will be 
possible. In the future, we think that the design system should be applied to enable more accurate 
prediction through numerical method based on big data. 
 
  
25 
 
References 
 
Camp (1936), A study of the rational design of settling tanks, Sewage Work J., 742-758. 
 
Celik, I. and Rodi, W.(1986), Simulation of hydrodynamic and transport characteristics of rectangular 
settling tank, In transport of Suspended Solids in Open Channels, ed.W. Bechtoler, Balhema, 129-132. 
 
Hazen(1904), On sedimentation. Transaction, ASCE, Vol.53, 45-71. 
 
Imam, E., McCorquodale, J.A. and Bewtra, J.K. (1983), Numerical modeling of sedimentation tanks, 
Journal of Hydr. Eng., ASCE, 109(12), 1740-1754. 
 
Ir. L. Huisma (2001), principle of discrete settling, Sedimentation and Flotation, 5-36. 
 
Lyn, D.A. and Rodi, W. (1990), Tubulence measurements in Model Settling Tanks, J. of Hydraulic 
Eng., ASCE, 116(1), 3-21. 
 
Tae Hoon Yoon, Seung Oh Lee (2000). Hydraulic Behavior and Removal Efficiency of Settling 
Tanks. KSCE JOURNAL OF CIVIL ENGINEERING, 4(1), 53-57. 
 
The Ministry of Environment (2010), Waterworks Facility Standards. THE MINISTRY OF 
ENVIRONMENT. 
 
The Ministry of Land and Transportation (2015), 2025 수도정비 기본계획(광역상수도 및 
공업용수도) 변경 보고서.  
 
Yingxia Li, Joo Hyun Kang, Sim Lin Lau (2008). Optimazation of Settling Tank Design to Remove 
Particles and Metals. JOURNAL OF ENVIRONMENTAL ENGINEERING, NOVEMBER 2008, 
885-894. 
